Introduction
For dissemination-based applications, unicast data delivery as used by the current Web servers may not be scalable. With unicast, a data item must be transmitted for each client that has made the request, and hence the load on the server and the network increases with the number of clients. Broadcasting techniques have good scalability because a single broadcast response can potentially satisfy many clients. Recent technology advances in satellite networks, cable networks, wireless LANs, and cellular networks make it possible to disseminate information through broadcasting.
A key consideration in designing broadcast systems is the algorithm used to schedule the broadcast. Scheduling algorithms have been extensively studied in the context of operating systems [ll] . Traditional scheduling algorithms such as first-come-first-served (FCFS), round-robin, and shortest job first, are used in processor scheduling and disk scheduling. These scheduling algorithms are used to optimize the response time, throughput, or fairness. Because most of these scheduling algorithms are designed for point-to-point communication environments, they may not be applicable to broadcasting environments.
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A number of researchers addressed issues on broadcast schedules. For example, Wong [14] studied several scheduling algorithms such as first-comefirst-served, longest wait time (LWT), and most requests first (MRF) in broadcasting environments. Researchers in [5, 81 investigated techniques to index broadcast data to save power in mobile environments. Su and Tassiulas [12] formulated broadcast scheduling as a dynamic optimization problem and proposed efficient suboptimal solutions that can achieve a mean access latency close to the lower bound. Hameed and Vaidya [7] applied existing fair queueing algorithms to broadcast scheduling. Most of the research [2, 6, 121 on broadcast scheduling focuses on push-based broadcasting; that is, the server delivers data using a periodic broadcast program based on precompiled access profiles and typically, without any active user intervention. The application of such schemes is limited because they are not capable of adapting to dynamic user requirements.
There is another kind of broadcasting: on-demand (pull-based) broadcasting, where a large and dynamic client population requests data from an information server that broadcasts data to the clients based on these requests. Aksoy and Franklin [3] initiated the study of on-demand broadcast scheduling. They proposed an R x W scheduling algorithm that provides balanced treatment of both hot and cold data resulting in a good overall performance. The algorithm combines MRF and FCFS, and uses a novel pruning technique to reduce the computation overhead. However, the R x W algorithm assumes that each data item has the same data size. Hence, it is not suitable for requests with variable data size, because response time alone is not a fair measurement for requests with different data size. Acharya and Muthukrishnan [I] addressed the broadcast scheduling problem in heterogeneous environments, where the data have different sizes. The solution is based on a new metric called Stretch, defined as the ratio of the response time of a request to its service time. Based on stretch, they proposed a scheduling algorithm, called longest total stretch first (LTSF) to optimize the stretch and achieve a performance balance between worst cases and average cases. A straightforward implementation of LTSF is not practical for a large system, because the server has to recalculate the total stretch of each data item with pending requests at each broadcast interval to decide which data to broadcast next.
In this chapter, we propose a stretch optimal scheduling algorithm for ondemand broadcast systems based on the observation that LTSF is not optimal in terms of the overall stretch. One nice property of the proposed algorithm is that it is extremely simple and the computation overhead is significantly lower compared to LTSF. Analytical studies as well as detailed simulation experiments are used to verify these claims. Simulation results show that our algorithm can
